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       This study is an evaluation of a new idea of an engine “Alternating Engine” which 
should have lower mechanical losses, less vibration, higher mechanical efficiency and 
more torque than the conventional reciprocating engine. The name of Alternating engine 
came from the alternating parts “pistons” in a circle instead of reciprocating parts as in 
conventional engine. The Alternating engine has lower mechanical losses due to no 
inertia forces of the reciprocating parts as in the conventional engine that include pistons 
and connecting rods during a complete combustion cycle. Less vibration is due to a 
complete balance for the alternating parts. Higher torque at very low RPM is due to 
longer torque arm than the conventional crank shaft torque arm. The thermodynamic 
analysis in this study used an ideal gas model (air) for the working fluid. Sealing the 
sliding surfaces and parts remains a significant challenge but is not as challenging if 













 TABLE OF CONTENTS 
                                        
Chapter                                                                                                                         Page 
                                                 
1. Introduction .............................................................................................................. 1 
              1.1. The Principal of Alternating Engine .............................................................. 1 
              1.2. Background and literature review of rotary engine ....................................... 2 
              1.3. Engineering .................................................................................................... 9 
              1.4. Materials ...................................................................................................... 10 
              1.5. Sealing.......................................................................................................... 11 
              1.6. Fuel consumption and emissions ................................................................. 11 
              1.7. Advantages ................................................................................................... 13 
              1.8. Disadvantages .............................................................................................. 15 
 
2. Thermodynamics analysis ...................................................................................... 18 
              2.1. Nomenclature ............................................................................................... 18 
              2.2. PV diagram .................................................................................................. 19 
              2.3. Assumptions:................................................................................................ 19 
              2.4. Thermodynamics Analysis Procedure: ........................................................ 19 
              2.5. Thermal Analysis ......................................................................................... 20 
              2.6. Process from point (1) to point (2) is reversible adiabatic compression ...... 20 
              2.7. Process from point 2 to point 3 (constant volume heat supply) ................... 22 
              2.8. Process from point 3 to point 4 is constant pressure (isobaric) heat supply 23 
              2.9. From point 4 to point 5 (work out) .............................................................. 24 
              2.10. From point 5 to point 1 the process is ........................................................ 25 
 
3. Kinetic Analysis ..................................................................................................... 28 
              3.1. Balance determination ................................................................................. 28 
              3.2. Determination of forces ............................................................................... 28 
              3.3. Determination of torque ............................................................................... 29 
              3.4. Determination of angular acceleration profile ............................................. 30 
              3.5. For the acceleration from point 1 to point 2................................................ 33 
              3.6. Determination of angular velocity ............................................................... 34 
              3.7. Determination of angular velocity point (4) to point (5)  ......... 34 
 
4. Conceptual Design of the Proposed Alternating Engine ........................................ 36 
              4.1. Design Principles and layout ....................................................................... 36 
              4.2. Component Design....................................................................................... 38 
 
5. Discussion and Recommendations ......................................................................... 44 
 
6. Conclusion .............................................................................................................. 45 








LIST OF FIGURES 
                                                                                                                                                                 
FIGURE                                                                                                                        Page  
    
     1         WANKLEL ENGINE ................................................................................................ 7 
      2         THE PROPOSED PV DIAGRAM FOR THE PROPOSED ENGINE ............................ 19 
      3         DIAGRAM ............................................................................................................ 20 
      4         (PRESSURE –Θ) CURVE ....................................................................................... 22 
      5         PRESSURE – TEMPERATURE CURVE ................................................................... 23 
      6         PRESSURE – THETA CURVE ................................................................................. 23 
      7         TEMPERATURE – THETA CURVE ......................................................................... 24 
      8         PRESSURE – THETA CURVE ................................................................................. 24 
      9         PRESSURE – THETA CURVE ................................................................................. 25 
    10        PRESSURE – THETA CURVE ................................................................................. 26 
    11        PRESSURE – THETA DIAGRAM ............................................................................ 27 
    12        PISTON AND THE COUNTER WEIGHT ELEMENT ................................................. 28 
    13        CORRESPONDING FORCE DISTRIBUTION – Θ ..................................................... 29 
    14        ANGULAR TORQUE-THETA ................................................................................. 29 
    15        PISTON, RING, AND COUNTER WEIGHT ............................................................. 31 
    16        (PARTIAL ANGULAR ACCELERATION – THETA) ................................................... 32 
    17        (TOTAL ANGULAR ACCELERATION – THETA) ...................................................... 33 
    18        (ANGULAR ACCELERATION – THETA) ................................................................. 33 
    19        ANGULAR VELOCITY-Θ CURVE FROM THE POINT 4 TO POINT 5 ........................ 35 
    20        EXPLODED VIEW FOR THE ENGINE ..................................................................... 36 
    21        FLOWCHARTS TO DESCRIBE THE PRINCIPLES OF THE ENGINE OPERATIONS .... 37 
    22        CLOSED ASSEMBLED ENGINE ............................................................................. 38 
    23        EXPLODED VIEW ................................................................................................. 38 
    24        SPADE .................................................................................................................. 39 
    25        GUIDING RING .................................................................................................... 39 
    26        SPADE WITH GUIDING RING INSTALLED TOGETHER .......................................... 39 
    27        PISTON ................................................................................................................ 40 
    28        SIDE VIEW- PISTON ............................................................................................. 40 
    29        ASSEMBLED PISTON, RING, AND COUNTER WEIGHT ......................................... 40 
    30        PISTON WITH COUNTER WEIGHT SIDE VIEW ..................................................... 41 
    31        PISTON WITH COUNTER WEIGHT ....................................................................... 41 
    32        PISTON FINGER ................................................................................................... 42 
    33        TOP ENGINE COVER WITH VALVES, INJECTORS, AND SPARK PLUGS PORTALS .. 42 
    34        BOTTOM VIEW OF THE ENGINE TOP COVER ...................................................... 42 
    35        TOP VIEW OF THE BOTTOM COVER ................................................................... 43 





1.  Introduction 
           In light of this world’s demand for improved fuel efficiency, less dependence on 
foreign oil and a reduction in overall emissions, an alternating engine is proposed that 
would have better fuel efficiency than the more traditional internal combustion engine. 
This new engine would also make more efficient use of the power it creates and it would 
reduce emissions. The proposed new alternating engine would also increase vehicle 
mileage and be compatible with all alternative fuels. The proposed alternating engine 
should improve how an engine converts chemical energy into mechanical energy. Some 
criteria for evaluation of the proposed new alternating engine include weight, noise 
vibration, an efficient wide range of power, better mechanical and thermal efficiency, and 
low emission.  
          Although today’s modern engines are much better than they were twenty years ago, 
none of them fully meet all of these general demanding criteria. The present study 
concentrates on the thermodynamics, kinematics and the dynamics of the moving parts 
(rotary pistons) in terms of its velocity, acceleration. The preliminary idea is to use two 
pistons to generate the required power, but if the required power is more than the engine 
power    then we can add        another engine     in parallel to accomplish the requirements  
1.1. The Principal of Alternating Engine 
        The alternating engine has many of the same components as a regular combustion 
engine; however it has slightly different configurations (Figure 20). There is a block that 
will contain all of the internals. This block or case is a two piece design that could see 
significant stress on the inner flange. The internals consist of the crankshaft and piston 





so the fuel injection system and ignition sources are mounted directly to the case. The 
primary difference in the rest of the internals of the new engine is in the layout of the 
pistons to the crankshaft and the absence of a cam to control the valves. The lack of a 
cam to actuate the valves eliminates one more source of potential    failure 
 as well as drag on the system electronic valve actuators will be used. 
 The principle of a traditional combustion engine is to reciprocate to drive the 
crankshaft through connecting rods, thus the efficiency is low. In this proposed 
alternating engine design there will be no loss of energy due to the crankshaft having to 
pull the piston back down in a reciprocating stroke as seen in modern combustion 
engines. In the alternating engine, the pistons rotate only in one direction. The piston 
slides along    the guide and impacts the spade. The spade then begins to move  
along the same path as the piston, which in turn rotates the shaft.  
            Because this engine shares features with the rotary engine, 
 the background and history about the rotary engine is briefed as follows.   
1.2. Background and literature review of rotary engine  
             In 1951, the German engineer Felix Wankel began development of the engine at 
NSU Motorenwerke AG, where he first conceived his rotary engine in 1954 (DKM 
54, Drehkolbenmotor). The KKM 57 (the Wankel rotary engine, Kreiskolbenmotor) was 
constructed by NSU engineer Hanns Dieter Paschke in 1957 without the knowledge of 
Felix Wankel, who remarked "you have turned my race horse into a plow mare".
[2]
 The 
first working prototype DKM 54 was running on February 1, 1957 at the NSU research 
and development department Versuchsabteilung TX.
[3]
 It produced 21 horsepower; unlike 
modern Wankel engines, both the rotor and the housing rotated.
[1]
 In 1960 NSU (the firm 





NSU would concentrate on the development of low and medium powered Wankel 
engines and Curtiss-Wright would develop high powered Wankel Engines, including 
aircraft engines of which Curtiss-Wright had decades of experience in the design and 
production of. 
[4]
 Considerable effort went into designing rotary engines in the 1950s and 
1960s. They were of particular interest because they were smooth and quiet running, and 
because of the reliability resulting from their simplicity. An early problem of buildup of 
cracks in the epitrochoid surface was solved by installing the sparkplugs in a separate 
metal piece instead of screwing them directly into the block. A later alternative solution 
to spark plug boss cooling was provided by variable coolant velocity scheme for water-
cooled rotaries which has had widespread use and was patented by Curtiss-Wright,
[5]
 with 
the last-listed for better air-cooled engine spark plug boss cooling. These approaches did 
not require a high conductivity copper insert but did not preclude the use.Among the 
manufacturers signing licensing agreements to develop Wankel engines were Alfa 
Romeo, American Motors, Citroen, Ford, General Motors,Mercedes-
Benz, Nissan, Porsche, Rolls-Royce, Suzuki, and Toyota.
[1]
 In the United States, in 1959 
under license from NSU, Curtiss-Wright pioneered improvements in the basic engine 
design. In Britain, in the 1960s, Rolls Royce Motor Car Division 
 pioneered a two-stage diesel version of the Wankel engine.
[6]
 
             Also in Britain, Norton Motorcycles developed a Wankel rotary engine 
for motorcycles, based on the Sachs air-cooled Wankel that powered the DKW/Hercules 
W-2000 motorcycle, which was included in their Commander and F1; Suzuki also made 
a production motorcycle with a Wankel engine, the RE-5, where they used ferrotic alloy 
apex seals and an NSU rotor in a successful attempt to prolong the engine's life. In 1971 





manufactured by Sachs in Germany. Deere & Company designed a version that was 
capable of using a variety of fuels. The design was proposed as the power source 
for United States Marine Corps combat vehicles and other equipment in the late 1980s.
[7]
 
Mazda and NSU signed a study contract to develop the Wankel engine in 1961 and 
competed to bring the first Wankel powered automobile to market. Although Mazda 
produced an experimental Wankel that year, NSU was first with a Wankel automobile on 
sale, the sporty NSU Spider in 1964; Mazda countered with a display of two and four 
rotor Wankel engines at that year's Tokyo Motor Show.
[1]
 In 1967, NSU began 
production of a Wankel-engined luxury car, the Ro 80.
[8]
 However, problems with apex 
seal wear led to frequent engine failure, which led to large warranty costs for NSU, and 
curtailed further Wankel engine development.
[1]
   Mazda, however, claimed to have 
solved the apex seal problem, and was able to run test engines at high speed for 300 hours 
without failure.
[1]
 After years of development, Mazda's first Wankel engine car was the 
1967 Cosmo 110S. The company followed with a number of Wankel ("rotary" in the 
company's terminology) vehicles, including a bus and a pickup truck. Customers often 
cited the cars' smoothness of operation. However, Mazda chose a method to comply 
with hydrocarbon emission standards that, while less expensive to produce, increased fuel 
consumption, just before a sharp rise in fuel prices. Mazda later abandoned the Wankel in 
most of their automotive designs, but continued using it in their RX-7 sports car until 
August 2002 (RX-7 importation for Canada ceased with only the 1993 year being sold. 
The USA ended with the 1994 model year with remaining unsold stock being carried 
over as the '1995' year.). The company normally used two-rotor designs, but the 
1991 Eunos Cosmo used a twin-turbo three-rotor engine. In 2003, Mazda introduced 





intake from the periphery of the rotary housing to the sides, allowing for larger overall 
ports, better airflow, and further power gains. Early Wankel engines had also side intake 
and exhaust ports, but the concept was abandoned because of carbon buildup in ports and 
side of rotor. The Renesis engine solved the problem by using a keystone scraper side 
seal.
[9]
 The Renesis is capable of delivering 238 hp (177 kW) with better fuel economy, 
reliability, and environmental friendliness than previous Mazda rotary engines,
[10]
    all 
from a nominal 1.3 L displacement. In 1961, the Soviet research organization of NATI, 
NAMI and VNIImotoprom started experimental development, and created experimental 
engines with different technologies.
[11]
 Soviet automobile manufacturer AvtoVAZ also 
experimented with the use of Wankel engines in cars but without the benefit of 
a license.
[12]
 In 1974 they created a special engine design bureau, which in 1978 designed 
an engine designated as VAZ-311. In 1980, the company started delivering Wankel-
powered VAZ-2106s (VAZ-411 engine with two-rotors) and Ladas, mostly to security 
services, of which about 200 were made.
[13][14]
 The next models were the VAZ-4132 and 
VAZ-415. Aviadvigatel, the Soviet aircraft engine design bureau, is known to have 
produced Wankel engines with electronic injection for aircraft and helicopters, though 
little specific information has surfaced. 
           Although many manufacturers licensed the design, including Citroën with 
their M35 and GS Birotor, using engines produced by Comotor, General Motors, which 
seems to have concluded that the Wankel engine was slightly more expensive to build 
than an equivalent reciprocating engine, although claiming having solved the fuel 
economy issue, but failed in obtaining acceptable exhaust emissions, and Mercedes-
Benz which used it for their C111 concept car, only Mazda has produced Wankel engines 





will play an important role as a powerplant for cars and trucks of the future...", according 
to Chairman Roy D. Chapin Jr., that the smallest U.S. automaker signed an agreement in 
February 1973, after a year's negotiations, to build Wankels for both passenger cars 
and Jeeps, as well as the right to sell any rotary engines it produces to other 
companies.
[15][16]
 The automaker's President, William Luneburg, did not expect dramatic 
development through 1980, but Gerald C. Meyers, AMC's Vice-President of the Product 
(Engineering) Group, suggested that AMC would be buying the engines from Curtis-
Wright before developing its own Wankel engines and predicted a total transition to 
rotary power by 1984.
[17]
 Plans called for the engine to be used in the AMC Gremlin, but 
development was pushed back.
[18][19]
 American Motors designed the unique Pacer around 
the engine, even though by 1974, AMC had decided to buy the Wankel engines from GM 
instead of building them itself.
[20]
 However, GM's engines had not reached production 
when the Pacer was to hit the showrooms. Part of the demise of this feature was the 1973 
oil crisis with rising fuel prices, and also concerns about proposed US emission 
standards legislation. General Motors' Wankel did not comply with those emission 
standards, so in 1974 the company canceled its development, although GM claimed 
having solved the fuel consumption problem; unfortunately, they just published one SAE 
paper on the results of their research. This meant the Pacer had to be reconfigured to 








Fig.  1  WANKLEL ENGINE 
 
The Wankel cycle. The "A" marks one of the three apexes of the rotor. The "B" marks the 
eccentric shaft and the white portion is the lobe of the eccentric shaft. The shaft turns 
three times for each rotation of the rotor around the lobe and once for each orbital 
revolution around the eccentric shaft. In the Wankel engine, the four strokes of a 
typical Otto cycle occur in the space between a three-sided symmetric rotor and the inside 
of a housing. The expansion phase of the Wankel cycle is much longer than that of the 
Otto cycle.
[22]
 In the basic single-rotor Wankel engine, the oval-like epitrochoid-shaped 
housing surrounds a rotor which is triangular with bow-shaped flanks (often confused 
with a Reuleaux triangle,
[23]
 a three- pointed curve of constant width, but with the bulge 
in the middle of each side a bit more flattened). The theoretical shape of the rotor 
between the fixed corners is the result of a minimization of the volume of the geometric 
combustion chamber and a maximization of the compression ratio, 
respectively.
[22]





maximized in the direction of the inner housing shape with the constraint that it not touch 
the housing at any angle of rotation (an arc is not a solution of this optimization 
problem). The central drive shaft, called the eccentric shaft or E-shaft, passes through the 
center of the rotor and is supported by fixed bearings.
[24]
 The rotors ride 
on eccentrics (analogous to cranks) integral to the eccentric shaft (analogous to a 
crankshaft). The rotors both rotate around the eccentrics and make orbital around the 
eccentric shaft. Seals at the corners of the rotor seal against the periphery of the housing, 
dividing it into three moving combustion chambers.
[22]
 The rotation of each rotor on its 
own axis is caused and controlled by a pair of synchronizing gears
[24]
 A fixed gear 
mounted on one side of the rotor housing engages a ring gear attached to the rotor and 
ensures the rotor moves exactly 1/3 turn for each turn of the eccentric shaft. The power 
output of the engine is not transmitted through the synchronizing gears.
[24]
 The force of 
gas pressure on the rotor (to a first approximation) goes directly to the center of the 
eccentric, part of the output shaft. The best way to visualize the action of the engine in 
the animation at left is to look not at the rotor itself, but the cavity created between it and 
the housing. The Wankel engine is actually a variable-volume progressing-cavity system. 
Thus there are 3 cavities per housing, all repeating the same cycle. Note as well that 
points A and B on the rotor and e-shaft turn at different speed, point B moves 3 times 
faster than point A, so that one full orbit of the rotor equates to 3 turns of the e-shaft. As 
the rotor rotates and orbitally revolves, each side of the rotor is brought closer to and then 
away from the wall of the housing, compressing and expanding the combustion chamber 
like the strokes of a piston in a reciprocating engine. The power vector of the combustion 
stage goes through the center of the offset lobe. While a four-stroke piston engine makes 





half power stroke per crankshaft rotation per cylinder), each combustion chamber in the 
Wankel generates one combustion stroke per driveshaft rotation, i.e. one power stroke per 
rotor orbital revolution and three power strokes per rotor rotation. Thus, power output of 
a Wankel engine is generally higher than that of a four-stroke piston engine of 
similar engine displacement in a similar state of tune; and higher than that of a four-
stroke piston      engine of simila physical dimensions and weight. 
       Wankel engines also generally have a much higher redline than a reciprocating 
engine of similar power output. This is in part because the smoothness inherent in 
circular motion, but especially because they do not have highly stressed parts such as a 
crankshaft or connecting rods. Eccentric shafts do not have the stress-raising internal 
corners of crankshafts. The red line of a rotary engine is limited by wear of the 
synchronizing gears. Hardened steel gears are used for extended operation above 7000 or 
8000 rpm. Mazda Wankel engines in auto racing are operated above 10,000 rpm. In 
aircraft they are used conservatively, up to 6500 or 7500 rpm. However, as gas pressure 
participates in seal efficiency, running a Wankel engine at high rpm under no load 
conditions can destroy the engine. National agencies that tax automobiles according to 
displacement and regulatory bodies in automobile racing variously consider the Wankel 
engine to be equivalent to a four-stroke engine of 1.5 to 2 times the displacement; some 




Felix Wankel managed to overcome most of the problems that made previous rotary 
engines fail by developing a configuration with vane seals that had a tip radius equal to 
the amount of "oversize" of the rotor housing form, as compared to the theoretical 





apex pin which abutted all sealing elements to seal around the 3 planes at each rotor 
apex.
[26]
 Rotary engines have a thermodynamic problem not found in reciprocating four-
stroke engines in that their "cylinder block" operates at steady state, with intake, 
compression, combustion, and exhaust occurring at fixed housing locations for all 
"cylinders". In contrast, reciprocating engines perform these four strokes in one chamber, 
so that extremes of "freezing" intake and "flaming" exhaust are averaged and shielded by 
a boundary layer from overheating working parts. 
       The boundary layer shields and the oil film act as thermal insulation, leading to a low 
temperature of the lubricating film (max. ~200 °C/400 °F) on a water-cooled Wankel 
engine. This gives a more constant surface temperature. The temperature around the 
spark plug is about the same as the temperature in the combustion chamber of a 




        Four-stroke reciprocating engines are less suitable for hydrogen. The hydrogen can 
misfire on hot parts like the exhaust valve and spark plugs. Another problem concerns the 
hydrogenate attack on the lubricating film in reciprocating engines. In a Wankel engine, 
this problem is circumvented by using a ceramic apex seal against a ceramic surface: 
there is no oil film to suffer hydrogenate attack. The piston shell must be lubricated and 





         Unlike a piston engine, where the cylinder is cooled by the incoming charge after 
being heated by combustion, Wankel rotor housings are constantly heated on one side 





expansion. While this places high demands on the materials used, the simplicity of the 
Wankel makes it easier to use alternative materials like exotic alloys and ceramics. With 
water cooling in a radial or axial flow direction, with the hot water from the hot bow 




       Early engine designs had a high incidence of sealing loss, both between the rotor and 
the housing and also between the various pieces making up the housing. Also, in earlier 
model Wankel engines carbon particles could become trapped between the seal and the 
casing, jamming the engine and requiring a partial rebuild. It was common for very early 
Mazda engines to require rebuilding after 50,000 miles (80,000 km). Further sealing 
problems arise from the uneven thermal distribution within the housings causing 
distortion and loss of sealing and compression. This thermal distortion also causes 
uneven wear between the apex seal and the rotor housing, quite evident on higher 
mileage engines The problem is exacerbated when the engine is stressed before 
reachingoperating temperature. However, Mazda Wankel engines have solved these 
problems. Current engines have nearly 100 seal-related parts.
[1]
 
         The problem of clearance for hot rotor apices passing between the axially closer 
side housings in the cooler intake lobe areas was dealt with by using an axial rotor pilot, 
radially inboard of the oils seals plus improved inertia oil cooling of the rotor interior ( C-
W patents 3,261,542, C. Jones, 5/8/63, 3,176,915, M. Bentele, C.Jones. A.H. Raye. 
7/2/62) 
1.6. Fuel consumption and emissions 
       Just as the shape of the Wankel combustion chamber is resistant to preignition and 
will run on lower-octane rating gasoline than a comparable piston engine,
[34]





to relatively incomplete combustion of the air-fuel charge, with a larger amount of 
unburned hydrocarbons released into the exhaust. The exhaust is, however, relatively low 
in NOx emissions; this allowed Mazda to meet the United States Clean Air Act of 
1970 in 1973 with a simple and inexpensive 'thermal reactor' (an enlarged open chamber 
in the exhaust manifold) by paradoxically enriching the air-fuel ratio to the point where 
the unburned hydrocarbons (HC) in the exhaust would support complete combustion in 
the thermal reactor; while piston-engine cars required expensive catalytic converters to 
deal with both unburned hydrocarbons and NOx emissions. This raised fuel consumption, 
however (already a weak point for the Wankel engine), at the same time that the oil crisis 
of 1973 raised the price of gasoline. Mazda was able to improve the fuel efficiency of the 
thermal reactor system by 40% by the time of introduction of the RX-7 in 1978, but 
eventually shifted to the catalytic converter system.
[24]
 According to the Curtiss-Wright 
research, the extreme that controls the amount of unburned HC in the exhaust is the rotor 
surface temperature, higher temperatures producing less HC.
[35]
 They showed also that 
the rotor can be widened. Quenching is the dominant source of HC at high speeds, and 
leakage at low speeds.
[36]
 Automobile Wankel rotary engines are high speed engines, 
however, it was shown that an early opening of the intake port, and long intake ducts can 
provide the required amount of torque at low RPM, and thus elasticity. The shape and 
positioning of rotor recess-combustion chamber- influences emissions and fuel use, the 
MDR being chosen as a compromise.
[37]
 In Mazda's RX-8 with the Renesis engine, fuel 
consumption is now within normal limits while passing California State emissions 
requirements, including California's Low Emissions Vehicle (LEV) standards. The 
exhaust ports, which in earlier Mazda rotaries were located in the rotor housings, were 





eliminate overlap between intake and exhaust port openings, while simultaneously 
increasing exhaust port area. The side port trapped the unburned fuel in the chamber, 
decreased the oil consumption, and improved the combustion stability in the low-speed 
and light load range. The HC emissions from the side exhaust port Wankel engine are 




        Wankel engines are considerably lighter, simpler, and contain far fewer moving 
parts than piston engines of equivalent power output. For instance, because valving is 
accomplished by simple ports cut into the walls of the rotor or side housings, they have 
no valves or complex valve trains; in addition, since the rotor rides directly on a large 
bearing on the output shaft, there are no connecting rods and there is no crankshaft. The 
elimination of reciprocating mass and the elimination of the most highly stressed and 
failure prone parts of piston engines gives the Wankel engine high reliability, a smoother 
flow of power, and a high power-to-weight ratio. The surface/volume-ratio problem is so 
complex that one cannot make a direct comparison between a reciprocating piston engine 
and a Wankel engine in the surface/volume ratio. The flow velocity and the heat losses 
behave quite differently. Surface temperatures behave absolutely differently; the film of 
oil in the Wankel engine acts as insulation. Engines with a higher compression ratio have 
a worse surface/volume ratio. The surface/volume ratio of a Diesel engine is much worse 
than a gasoline engine, but Diesel engines are well known for a higher efficiency factor 
than gasoline engines. Thus, engines with equal power should be compared: a naturally 
aspirated 1.3-liter Wankel engine with a naturally aspirated 1.3-liter four-stroke 
reciprocating piston engine with equal power. But such a four-stroke engine is not 





extra or "empty" stroke(s) should not be ignored, as a 4-stroke cylinder produces a power 
stroke only every other rotation of the crankshaft. This doubles the real surface/volume 
ratio for the four-stroke reciprocating piston engine and the demand of 
displacement.
[40][41]
 The Wankel, therefore, has higher volumetric efficiency and a lower 
pumping loss through the absence of choking valves.
[42]
 Because of the quasi-overlap of 
the power strokes that cause the smoothness of the engine and the avoidance of the 4-
stroke cycle in a reciprocating engine, the Wankel engine is very quick to react to throttle 
changes and is able to quickly deliver a surge of power when the demand arises, 
especially at higher rpm. This difference is more pronounced when compared to four-
cylinder reciprocating engines and less pronounced when compared to higher cylinder 
counts. In addition to the removal of internal reciprocating stresses by virtue of the 
complete removal of reciprocating internal parts typically found in a piston engine, the 
Wankel engine is constructed with an iron rotor within a housing made of aluminum, 
which has a greater coefficient of thermal expansion. This ensures that even a severely 
overheated Wankel engine cannot seize, as would be likely to occur in an overheated 
piston engine. This is a substantial safety benefit of use in aircraft. In addition, valves and 
valve trains that do not exist cannot burn out, jam, break, or malfunction in any way, 
again increasing safety. A further advantage of the Wankel engine for use in aircraft is 
the fact that a Wankel engine generally has a smaller frontal area than a piston engine of 
equivalent power, allowing a more aerodynamic nose to be designed around it. The 
simplicity of design and smaller size of the Wankel engine also allows for savings in 
construction costs, compared to piston engines of comparable power output. 
Wankel engines that operate within their original design parameters are almost immune 





will lose a large amount of power and fail over a short period of time. It will, however, 
usually continue to produce some power during that time. Piston engines under the same 
circumstances are prone to seizing or breaking parts that almost certainly results in major 
internal damage of the engine and an instant loss of power. For this reason, Wankel 
engines are very well suited to snowmobiles, which often take users into remote places 
where a failure could result in frostbite or death, and aircraft, where abrupt failure is 
likely to lead to a crash or forced landing. Due to a 50% longer stroke duration than a 
four-cycle engine there is more time to complete the combustion. This leads to greater 
suitability for direct injection. A Wankel rotary engine has stronger flows of air-fuel 
mixture and a longer operating cycle than a reciprocating engine, so it realizes 
concomitantly thorough mixing of hydrogen and air. The result is a homogeneous 




      Although in two dimensions the seal system of a Wankel looks to be even simpler 
than that of a corresponding multi-cylinder piston engine, in three dimensions the 
opposite is true. As well as the rotor apex seals evident in the conceptual diagram, the 
rotor must also seal against the chamber ends. Piston rings are not perfect seals: each has 
a gap to allow for expansion. The sealing at the Wankel apexes is less critical, as leakage 
is between adjacent chambers on adjacent strokes of the cycle, rather than to the 
crankcase. The less effective sealing of the Wankel, however, is one factor reducing its 
efficiency,
 
 limiting its use mainly to applications such as racing engines and sports 
vehicles where neither efficiency nor long engine life are important considerations. 
Comparison tests have shown that the Mazda rotary powered RX-8 uses more fuel than a 







   The time available for fuel to be port-injected into a Wankel engine is 
significantly shorter than that of four-stroke piston engines due to the way the three 
chambers rotate. The fuel-air mixture cannot be pre-stored as there is no intake valve. 
Also the Wankel engine has 50% longer stroke duration than a piston engine. The four 
Otto cycles last 1080° for a Wankel engine (three revolutions of the output shaft.) versus 
720° for a four-stroke reciprocating piston engine. There are various methods of 
calculating the engine displacement of a Wankel. The Japanese regulations for 
calculating displacements for engine ratings use the volume displacement of one rotor 
face only, and the auto industry commonly accepts this method as the standard for 
calculating the displacement of a rotary. When compared by specific output, however, the 
convention results in large imbalances in favor of the Wankel motor. 
         Wankel Rotary engine and piston engine displacement and corresponding power 
output can more accurately be compared by displacement per revolution of the eccentric 
shaft. A calculation of this form dictates that a two rotor Wankel displacing 654 cc per 
face will have a displacement of 1.3 liters per every rotation of the eccentric shaft (only 
two total faces, one face per rotor going through a full power stroke) and 2.6 liters after 
two revolutions (four total faces, two faces per rotor going through a full power stroke). 
The results are directly comparable to a 2.6-liter piston engine with an even number of 
cylinders in a conventional firing order, which will likewise displace 1.3 liters through its 
power stroke after one revolution of the crankshaft, and 2.6 liters through its power 
strokes after two revolutions of the crankshaft. A Wankel Rotary engine is still a 4-stroke 
engine and pumping losses from non-power strokes still apply, but the absence of 
throttling valves and a 50% longer stroke duration result in a significantly lower pumping 





engine in this way more accurately explains its specific output, as the volume of its air 
fuel mixture put through a complete power stroke per revolution is directly responsible 
for torque and thus power produced. 
        The trailing side of the rotary engine's combustion chamber develops a squeeze 
stream which pushes back the flamefront. With the conventional two-spark-plug or one- 
spark-plug system and homogenous mixture, this squeeze stream prevents the flame from 
propagating to the combustion chamber's trailing side in the mid and high engine speed 
ranges. This is why there can be more carbon monoxide and unburnt hydrocarbons in a 
Wankel's exhaust stream. A side-port exhaust, as is used in the Renesis, avoids this 
because the unburned mixture cannot escape. The Mazda 26Bavoided this issue through a 
3-spark plug ignition system. (At the Le Mans 24 hour endurance race in 1991 the 26B 
had significantly lower fuel consumption than the competing reciprocating piston 
engines. All competitors had the same amount of fuel available due to the Le Mans 24 
hour limited fuel quantity rule.)
[45]
 A peripheral intake port gives the highest MEP, 
however, side intake porting produces a more steady idle.
[46]
 
All Mazda-made Wankel rotaries, including the new Renesis found in the RX-8, burn a 
small quantity of oil by design; it is metered into the combustion chamber to preserve the 











2. Thermodynamics analysis  
2.1. Nomenclature  
P = Pressure 
V= Volume 
                                   
            T= Temperature 
m = Mass 
                                            
R = Universal gas Constant 
M = Molecular weight of the specific gas 
  = Density 
  = Specific heat at constant pressure 















2.2. PV diagram  
I propose PV diagram for the alternating engine (Dual Cycle) 
 
Fig.  2  The proposed PV diagram for the proposed engine  
2.3. Assumptions: 
                                          
                               
                                
                       
     
                
  
                                  
                                  Super Charged  
                               
                                                                              
                                      
                                
Using air to calculate: 





 1-2 is the isentropic compression which results in temperature raise, volume decrease    
and pressure raise of the working substance air.  
 2-3 is the process where heat is added at a constant volume to the cycle just like in the 
Dual cycle.  
 3-4 is the process where part of the heat added in the previous process is continued to be 
added but now at a constant pressure instead of a constant volume (thus the name dual 
mode) like in the case of diesel cycle.  
 4-5 represents the isentropic expansion of air.  
 5-1 is the heat and exhaust rejection at constant volume thus bringing the full cycle to a 
completion and ready for the next cycle. 
 
Fig.  3   Diagram 
2.5. Thermal Analysis 
2.6. Process from point (1) to point (2) is reversible adiabatic compression  
Compression ratio =      = known 
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The value of  
(     )
   
  constant  
                                                                                   
                                                                                
                                                             
By substituting r into Eq. (1) 
       
  
  
       
 which can be used to draw intake stroke of the PV diagram (compression curve) by    
changing   from the smallest to the biggest angle. 
                        
             
      
          (
     
  
)
       
       
                       
Initial pressure    =1.1 bar = 15.954 psi     (super charged) 
γ = 1.4 assume constant for ideal gas and constant during pressure change  
          (
     
 
)
   






Fig.  4  (Pressure –θ) Curve 
Compression stroke (Pressure –   Curve 
 
2.7. Process from point 2 to point 3 (constant volume heat supply) 
             
              
(Draw straight vertical line on the curve) 
Or               
Assume             
   
     
  
 
                         
Now for drawing purpose I use formula           
              
   (
     
   
)                                                          
           
Heat added to the system through the process from point 2 to 3: 






Fig.  5  Pressure – Temperature Curve 
Constant Volume Heat supply (Pressure – Temperature Curve)  
 
 
Fig.  6  Pressure – Theta Curve 
Constant Volume Heat supply (Pressure – Theta Curve) 
2.8. Process from point 3 to point 4 is constant pressure (isobaric) heat supply  
             
             
                                           To know     
      
     
               
     
               





             
                                                    
 
Fig.  7  Temperature – Theta Curve 
Constant Pressure Heat supply (Temperature – Theta Curve)  
 
Fig.  8  Pressure – Theta Curve 
Constant Pressure Heat supply (Pressure – Theta Curve) 
2.9. From point 4 to point 5 (work out) 
            
        
            
                    
            
                                   
      
Heat reject =           





Work Done = Heat supplied –Heat reject 
      
Engine Power = Work done   Cycles per second 
                                       
                                             
             
             
  
               
                                          
 
Fig.  9  Pressure – Theta Curve 
Expansion stroke (Pressure – Theta Curve)  
2.10. From point 5 to point 1 the process is  
Constant volume dumping exhausts and heat and suppose to be vertical line from point 5 
to point 1.  
Need to calculate  : 
             
      
                       
        
           





Assume that    for Ideal Gas (air) at temperature 68   
                
  
     
 
                         
                                            
For drawing temperature against angle will use {Heat reject} =             
By changing    from the highest of    to the lowest of     
            
        
                   
                                     
              
 
Fig.  10  Pressure – Theta Curve 









By combining all the curves to create P-Ө Diagram  
 
Fig.  11  Pressure – Theta Diagram 
 
Pressure – Theta Diagram 
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3. Kinetic Analysis 
3.1. Balance determination 
Balancing the piston and the counter weight is crucial in designing an alternating engine 
to keep the engine out of vibration at high speed. 
The equations used are as follow: 
  
          
          
For the piston and the counter weight, the counter weight exists in an offset from the 






Fig.  12  Piston and the Counter weight element 
Piston and the Counter weight element 
 3.2. Determination of forces  
Calculate the corresponding forces distribution on one piston during a power cycle. 
           
                              
                                      
              
                              
By changing   the pressure changes and the forces coming out to the piston changes  
Assuming the radius of the piston 2.5 inches 





                                                         
 
Fig.  13  Corresponding force distribution – θ 
Corresponding force distribution –   for the Expansion stroke  
3.3. Determination of torque  
 Calculate angular torque profile for one piston for a power cycle    
                         
               
                                                           
 R is the radius of the engine (measured from the center of the engine to the center of       
the piston. 
          (
    
 
)
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Angular Torque-theta  
3.4. Determination of angular acceleration profile   
Calculate angular acceleration profile for one piston for a power cycle  
 Also torque equals: 
                Only until the piston touches the spade in the expansion stroke  
 J is the polar moment of inertia for the piston and the ring connecting the piston to the      
counter weight around    axis.  
   Axis is the axis of the rotation.  
 (α) It is the angular acceleration for the piston, ring and the counter weight.  
 By calculating the polar moment of inertia using Unigraphics around Y axis and use it in 
the relation above.  
Information listing created by :  eatwa 
Date                           :  11/14/2011 4:55:06 PM 
Current work part              :  G:\pistion1.prt 
Node name                      :  et312d21 
Measurement Mass Properties 
 
Displayed Mass Property Values 
Volume                          =   99.645 in^3 
Area                            =  289.482 in^2 
Detailed Mass Properties 
Analysis calculated using accuracy of    0.990 
Information Units     lbm - in 





Ixc, Iyc, Izc         =  155.786,  612.946,  546.598           
 
 
Fig.  15  Piston, ring, and counter weight 
 
Piston, ring, and counter weight  
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Fig.  16  (Partial Angular Acceleration – Theta) 
Partial Angular Acceleration – Theta  
Once the piston touches the spade, will add Torque with a negative sign to the left side of 
the equation  
              . Due to dynamic forces are coming from the machine driven.  
Assume the driven machine requires 7 HP and 60 RPM   for simplicity  
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Fig.  17  (Total Angular Acceleration – Theta) 
Total Angular Acceleration – Theta  
 3.5. For the acceleration from point 1 to point 2 
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Fig.  18  (Angular Acceleration – Theta) 



























3.6. Determination of angular velocity   
 Calculate angular velocity profile for one piston for a power cycle:    
          *  (
  
   
)
 
      +                             
Assumed ONE RPS for the following calculations for simplicity   
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The equation is numerically integrated to obtain the numerical relationship of       as 
shown in Fig (19) 
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Fig.  19  Angular Velocity-θ curve from the point 4 to point 5 
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4.  Conceptual Design of the Proposed Alternating Engine  
 
Fig.  20  Exploded View for the Engine 
4.1. Design Principles and layout  












 4.2. Component Design  
 
 
Fig.  22 Closed Assembled Engine 
Closed Assembled Engine  
 
Fig.  23  Exploded View 
 






Fig.  24  Spade 
Spade  
 
Fig.  25  Guiding Ring 
Design of the Guiding Ring: this ring is used to guide the piston through the donut 
cylinder and support the structure of the spade.  
 
 
Fig.  26  Spade with Guiding Ring installed together 






Fig.  27  Piston 
Piston 
 
Fig.  28  Side View- Piston 
Side View-Piston 
 
Fig.  29  Assembled Piston, Ring, and counter weight 







Fig.  30  Piston with Counter Weight Side View 
Piston with Counter Weight Side View  
 
Fig.  31  Piston with Counter Weight 







Fig.  32 Piston Finger 
Piston Finger 
 
Fig.  33  Top Engine Cover with Valves, Injectors, and Spark Plugs Portals 
Top Engine Cover with Valves, Injectors, and Spark Plugs Portals 
 
Fig.  34   Bottom View of the Engine Top Cover 






Fig.  35  Top View of the Bottom Cover 
Top View of the Bottom Cover  
 
 
Fig.  36  Open Engine View 
 








 5. Discussion and Recommendations  
        Modern gasoline engines have an average efficiency of about 18% to 20% when 
used to power a car. In other words, of the total heat energy of gasoline, about 80% is 
ejected as heat from the exhaust, as mechanical sound energy, or consumed by the motor 
(friction, inertia force to reverse direction of the pistons and connecting rods, air 
turbulence, heat through the cylinder walls or cylinder head, and work used to turn engine 
equipment and appliances such as water and oil pumps and electrical generator), and only 
about 20% of the fuel energy moves the vehicle. At idle the efficiency is zero since no 
usable work is being drawn from the engine. At slow speed (i.e. low power output) the 
efficiency is much lower than average, due to a larger percentage of the available heat 
being absorbed by the metal parts of the engine, instead of being used to perform useful 
work.  
        Gasoline engines also suffer efficiency losses at low throttle from the high 
turbulence and head loss when the incoming air must fight its way around the nearly-
closed throttle; diesel engines do not suffer this loss because the incoming air is not 
throttled. Engine efficiency improves considerably at open road speeds; it peaks in most 
applications at around 75% of rated engine power, which is also the range of greatest 
engine torque (e.g. in the 2007 Ford Focus, maximum torque of 133 foot-pounds is 
obtained at 4,500 RPM, and maximum engine power of 136 brake horsepower (101 kW) 
is obtained at 6,000 RPM). Therefore an engine with fewer losses due to no inertia force 
to reverse the direction of the pistons and connecting rods would be appreciated in this 






6. Conclusion  
           As seen from FIG (9) it is realized that compression stroke needs more than 350 
psi to be able to complete the cycle but the pressure behind the piston is lower than 350 
psi at some point which will require installing flywheel where energy can be stored. All 
calculations done on the engine are before the modifications.  
          Unidirectional clutches installed on and between the piston ring and the crank shaft 
both sides will replace the spade to improve the power cycle and eliminate the weakness 
of the spade design.  
          With two sets of a gear racks seated on the piston counter weight ring that will 
replace the friction finger and also precisely will allow the pistons to stop at the 
designated angles and prevent any reverse motion and also control the combustion 
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